During the STRATOZ III flights in June 1984, about 120 whole-air samples were collected and analyzed later on in the laboratory for several atmospheric trace components, including light hydrocarbons. The STRATOZ III mission consisted of 21 flight segments and covered a latitude range from 70øN to 60øS and altitudes up to 12 km. The results of these measurements were used to construct latitude-altitude profiles in the form of isolines for ethane, ethene, acetylene, propane, propene, n-butane, isobutane, n-pentane, and isopentane. These results are compared with the latitudinal cross sections obtained during a previous, very similar flight mission (STRATOZ II) in May-June 1980. Also, the few published latitudinal or vertical profiles for these nonmethane hydrocarbons (NMHCs) are used for a comparison. The two-dimensional distributions for the longer-lived NMHCs, especially ethane and to some extent also propane and acetylene, are reasonably representative, even on a global scale. The high variability of the short-lived NMHCs, the C A and C 5 alkanes, and the light alkenes, prevents the determination of representative two-dimensional distributions for these species. The distributions of these short-lived compounds give at best an extremely rough idea on the distributions and should in general be considered as descriptions of a given momentary situation. These latitude-altitude profiles indicate the existence of fast mechanisms for vertical mixing in the troposphere. The observation of high mixing ratios of short-lived hydrocarbons in the middle and upper troposphere proves the existence of vertical mixing processes with a time scale comparable to, or even shorter than, the atmospheric lifetime of these reactive NMHCs. As a consequence, there exist several regions, even above the boundary layer, with NMHC mixing ratios high enough to make them important participants in the atmospheric photochemical reaction cycles.
trace gases were preconcentrated at 80 K on a small precolumn (20 cm long, 2 mm ID) packed with porous glass beads. The lighter fraction (< C4) of the preconcentrated sample was separated on a column (0.8 mm ID, 6 m long) packed with Porapack Q. The heavier fraction (> C4) was analyzed on a 60-m DB-1 fused silica capillary column. For optimum sensitivity and selectivity, a combination of a photoionization detector, an electron capture detector, and a flame ionization detector in series was used. The detection limits for the C2-C 5 hydrocarbons were in the range of 5-10 ppt C. The reproducibility of the results ranged around 5-10%. The measurements were calibrated with standards of hydrocarbon mixing ratios between 0.2 and 5 ppb. These standards were prepared by two-or three-step static dilution of the pure hydrocarbons with purified synthetic air. The linearity of the measurements was confirmed by tests with diluted atmospheric air samples. The accuracy of the calibration procedure is estimated to be 20-30%.
Laboratory and field tests confirmed that neither the sampling procedure nor the gas chromatographic analyses caused an detectable changes in the sample composition. A detailed description of the analytical technique is given by Rudolph et at. [1986] . The main sources for atmospheric C2-C s hydrocarbons are engine exhaust, evaporation losses of fuel or crude oil, natural gas losses, biomass burning (forest fires, agricultural waste burning, burning of fuel wood, slash and burn argiculture, etc.) microbial production, and emissions from foliage and from the We can expect that several of the different NMHCs will have some similarities in their two-dimensional cross sections, but we can also expect a good deal of variability, especially for the short-lived NMHCs with atmospheric lifetimes of a few days or even less.
Indeed, the two-dimensional distributions of the alkanes have some pronounced features in common. These features are the existence of a region of high mixing ratios at mid and high northern latitudes, which extends from altitudes of 1-2 km up to the tropopause, a general decrease in mixing ratios between mid and low northern or southern latitudes, the occurrence of a few smaller areas with increased mixing ratios at low latitudes, partly in the form of isolated maxima, and a difference in the mixing ratios between the northbound and the southbound flights at 30ø-50øN, with lower mixing ratios for the northbound flights. However the two-dimensional profiles of the various NMHCs still are different in several aspects. Not only do the absolute levels of the mixing ratios differ, but also the relative change between the highest and lowest mixing ratios of the individual NMHCs in the troposphere differs by orders of magnitude, e.g., this difference is less than an order of magnitude for ethane but nearly a factor of 500 for isopentane.
Furthermore, the latitude range where we can observe the strongest north-south gradient depends on the individual NMHC species during the southbound flights. The most pronounced decrease in mixing ratios is observed at very low latitudes for C2H 6 and around 300-400N for i-pentane. The 
Ethane and Propane
The known major sources for ethane are natural gas losses, biomass burning, and emissions from the oceans. Less important are emissions from foliage, microbial production, and engine exhaust [Ehhalt and Rudolph, 1984] . With an average atmospheric lifetime of 2 months [Rudolph and Ehhalt, 1981] , ethane is the longest-lived of the NMHCs.
At mid and high northern latitudes, the ethane mixing ratios are around 1.5-2 ppb, sometimes even exceeding 2 ppb. With the exception of a single ethane measurement of 3.2 ppb, no ethane mixing ratios exceeding 3 ppb were observed. During the northbound flights, for the latitude range below 50øN the ethane mixing ratios at all altitudes are lower than 1.5 ppb, sometimes even below 1.0 ppb. From Figure 1 it can be seen that during the northbound flights between 25øN and Lisboa (40øN) the wind directions indicate that air masses from the Atlantic were sampled during this part of the flights. During June 24-26 a large and very persistent high-pressure system, with its center over Algeria, was observed (see also Rudolph et al. [1987] ). This system ranged from south of Tripoli to Dakkar. The wind directions observed during the flight indicate general airflow from the southwest between 20 ø and 40øN. From these observations it seems likely that the sampled air masses originated from lower latitudes over the Atlantic. This is consistent with the observation of relatively low mixing ratios for C2H 6 and C3H 8 between 20 ø and 40øN during the northbound flights. During the corresponding part of the southbound flights, the sampled air masses originated from over North or Central America. This finding is consistent with the idea that losses of natural gas during production and distribution are significant sources of ethane and propane [Ehhalt and Rudolph, 1984] . Incomplete combustion processes also have to be considered as potential sources for the observed ethane and propane mixing ratios over this area. These types of sources, especially engine exhaust, also emit substantial amounts of acetylene [Ehhalt and Rudolph, 1984] . The corresponding acetylene measurements (Figure 3g) show quite low acetylene mixing ratios, in the range of a tenth of a part per billion or even less. This essentially rules out incomplete combustion, and especially engine exhaust, as sources for the ethane (and propane) levels observed between 25 ø and 40øN during the southbound flights.
The southern hemispheric ethane mixing ratios are a factor of 5 lower in general than in the northern hemisphere. It is interesting that in the southern hemisphere the ethane mixing ratios decrease with increasing latitude. At both high northern and high southern latitudes we can see a decrease in the ethane mixing ratios above 10 km. These samples were collected in the lowest stratosphere or in the tropopause regions (see Figure 2) . This result agrees with the observations of Rudolph et al. cant decrease with increasing latitude. Most probably, this is due to the (by a factor of 4) faster photochemical oxidation of propane compared to ethane.
Butane
The average atmospheric lifetime for n-butane of about 7 days [Rudolph and Ehhalt, 1981] is by a factor of 2 shorter than for propane. The total source strength of n-butane is about 50% that of propane, and the sources partly differ. In addition to natural gas losses, the main n-butane sources are engine exhaust and evaporation losses of fuel [Ehhalt and Rudolph, 1984-1. Also, oceanic emissions should be considered as important sources for atmospheric n-butane [Bonsang et al., 1988] .
Compared to ethane and propane the variability of the nbutane distributions is much larger. With a factor of more than 20 between mid northern latitudes and the southern hemisphere, the north-south gradient of n-butane is more than twice the gradient for ethane or propane. This decrease in n-butane mixing ratios occurs in a narrow latitude belt, mainly between 45 ø and 25øN for the southbound flights and between 65 ø and 50øN for the northbound flights. Also, the decrease from 55øN toward higher latitudes which was observed during the southbound flights in the high troposphere is much more pronounced for n-butane than for propane. This supports our assumption that this decrease is due to the faster photochemical oxidation of the more reactive NMHCs. The southern hemispheric n-butane mixing ratios are generally below 25 ppt, sometimes even less than 10 ppt. There are a few smaller regions with elevated n-butane levels, sometimes in the form of isolated maxima.
Some of these maxima at low southern latitudes are quite pronounced. The wind direction during sampling (Figure 1) indicates airflow from tropical South America for these latitudes. This indicates the existence of substantial n-butane sources in tropical South America, e.g., biomass burning or plant emissions [cf. . Since the flight route followed more or less the coastline of South America, where a number of major cities are located, we cannot rule out the possibility that the sampled air masses were influenced by engine exhaust. However, engine exhaust contains considerably more acetylene than n-butane. The regions of elevated n-butane do not always correspond with regions of elevated acetylene, and hence we surmise that there are other substantial sources for n-butane in tropical South America than automobile emissions.
During the flight along the African west coast, between 25 ø and 45øN, we observe a region of relatively high n-butane mixing ratios, exceeding 100 ppt. The wind directions shown in Figure 1 indicate that the sampled air masses originated from over the Atlantic. This agrees with the idea that oceanic emissions are substantial sources for atmospheric n-butane [Bonsang et al., 1988] . The observed values for n-butane over this region are rather high. This may quite well be due to the existence of a large upwelling zone in the Atlantic off the coast of west Africa with high biological activity [e.g., Fleming, 1986] . Indeed, during the season of the flight, very high phytoplankton concentrations were observed in the Atlantic along the west African coast [Esaias et al., 1986] . Moreover, Bonsang et al. [1988] estimate that the source strength for oceanic n-butane emissions is 6% by volume of the oceanic ethene emissions. The observed ethene mixing ratios over the coast of west Africa are generally above 2 ppb (Figure 3h ). This is consistent with the assumption that the corresponding nbutane mixing ratios of 100-200 ppt are mainly due to oceanic emissions. In addition to this, the relatively low mixing ratios of C2H 6, C3H 8, and C2H 2 observed simultaneously essentially rule out a major impact of long-range transport from areas with high emissions from engine exhaust or natural gas leakage, e.g., Europe or North America.
The two-dimensional cross sections of n-butane, especially for the northbound flights, indicate that on the average the n-butane mixing ratios decrease slightly with increasing altitude.
The average atmospheric lifetime of isobutane is nearly the same as for n-butane, 7.5 days [Rudolph and Ehhalt, 1981] . Furthermore, atmospheric isobutane has the same main sources as n-butane. However, the emission rates of isobutane seem to be much lower than for n-butane [e.g., Nelson et al., 1983; Bonsang et al., 1988] . Therefore it is not surprising that the shapes of the isobutane cross sections are quite similar to the n-butane distributions, but the isobutane mixing ratios are, in general, lower than the values for n-butane by a factor of 5-10.
Pentane
The atmospheric lifetime of n-pentane is 5 days, about 30% shorter than for n-butane or /-butane. Most of the major atmospheric sources for n-pentane are similar to the n-butane sources: engine exhaust and evaporation losses of fuel [Ehhalt and Rudolph, 1984] more pronounced for n-pentane than for n-butane. This may be due to the shorter atmospheric lifetime of n-pentane but also may be due to a somewhat different source distribution. As pointed out by Rudolph and Ehhalt [1981] , hydrocarbon emissions associated with fossil fuel consumption, such as engine exhaust, are generally located at higher northern latitudes than emissions due to fuel production, e.g., losses of natural gas from natural gas or oil fields. Similar, even more pronounced effects can be observed for i-pentane. The average atmospheric lifetime of isopentane is about 4 days [Rudolph and Ehhalt, 1981] For the southbound flights we also observe a region of substantially elevated acetylene mixing ratios (exceeding 300 ppt) at low altitudes between 30øN and 10øS. Toward higher southern latitudes the acetylene mixing ratios observed below 4 km altitude decrease by nearly an order of magnitude. South of 35øS the acetylene values are around 10-30 ppt. As can be seen from Figure 1 , the decrease in the acetylene levels between 10 ø and 35øS coincides with a change in the origin of air masses from continentally influenced to oceanic air masses. Similar observations can be made for the northbound flight legs along the South American and African coast. During these parts of the flights with prevailing offshore winds, elevated acetylene mixing ratios were found at low altitudes. A possible source for atmospheric acetylene at these low latitudes is biomass burning. But also, engine exhaust from the more densely populated coastal areas of tropical Africa and South
America cannot be excluded.
Ethene and Propene
The latitude-altitude distributions of ethene and propene differ considerably from the distributions of the alkanes and acetylene. Not only is the unsystematic variability much more pronounced, but also there is no systematic latitudinal gradient. The main ethene sources are oceanic emissions, microbial production in soils, biomass burning, emissions from foliage, and engine exhaust. The global source strength for ethene alone is nearly as large as the source strength of all C2-C 5 alkanes together [Ehhalt and Rudolph, 1984] . However, the atmospheric lifetime of ethene is very short, slightly below 2 days [Rudolph and Ehhalt, 1981] .
In view of the short atmospheric lifetime of ethene and the different types of sources, the high variability shown by the ethene mixing ratios is not surprising. The ethene mixing ratios vary between less than 0.05 ppb and more than 2 ppb. Surprisingly, the occurrence of high ethene mixing ratios is not The shorter-lived alkanes, n-butane, isobutane, n-pentane, and isopentane show larger differences. In spite of the considerable unsystematic variability shown by the /-butane and n-butane distributions, in general, the mixing ratios measured for these compounds during the STRATOZ II flights are comparable to the results from the STRATOZ III flights. With the exception of a few smaller regions, the n-butane and /-butane mixing ratios at low latitudes and in the southern hemisphere are below 30 and 20 ppt, respectively, for the STRATOZ II experiment. This compares well with our results from STRA-TOZ III. However, at mid and high northern latitudes the results differ. During the southbound flight leg of STRATOZ II, an isolated cell of elevated mixing ratios was found for 9 km altitude around 50ø-60øN. The distributions obtained during STRATOZ III at this latitude show a region of increased mixing ratios from below 2 km to more than 11 km.
The levels for n-butane and isobutane in these maxima are similar for both STRATOZ II and III, more than 500 ppt for n-butane and more than 70 and 50 ppt, respectively, for isobu- 
CONCLUSIONS
The presented results cover a number of light NMHCs with atmospheric lifetimes ranging from less than 1 day to several months. The results obtained for ethane, and to some extent also for propane and acetylene, can be considered as globally representative two-dimensional distributions. On the average, the random variation for ethane is about _+ 30%, for propane and acetylene already about a factor of 2. This does not include systematic seasonal variations or the effect of local sources. For the shorter lived NMHCs, the C,• and C s alkanes, and the light alkenes, it is not possible to define an averaged or representative latitude-altitude profile on the basis of the currently available data. The observed twodimensional distributions for these short-lived species should be considered as pictures of a certain, momentary situation, strongly depending on latitude and longitude, regional sources, and transport conditions. Consequently, the measured The large variability which is observed for the reactive, short-lived NMHCs has another consequence. There are several regions in the free troposphere with NMHC mixing ratios high enough that the atmospheric turnover of the reactive NMHCs by far exceeds the photochemical oxidation rate of methane. This not only indicates that even in the free troposphere the atmospheric photochemistry sometimes can be substantially influenced by NMHCs. It also raises the question to which extent this may favor the formation of products from reactions which require the participation of more than one intermediate NMHC oxidation product, e.g., the formation of organic peroxides.
The presented data cover only one season and thus do not allow identification of systematic seasonal variations. Since these types of measurements allow a reasonably representative estimate of the tropospheric burden for the longerlived NMHCs, similar flight missions, but during other seasons, might help to identify and quantify systematic seasonal variations of the longer-lived NMHCs, ethane, propane, and acetylene.
